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(57) The present invention relates to an antenna de- 
vice comprising a dielectric substrate 11;61 having at 
least one electrically conductive layer, a feeding 19 and 
a grounding 18 point. The antenna device is provided 
with a slot 14;71;81:91 having a closed path between 
an outer conductive region 12 and an inner 13 conduc- 
tive region and is further provided with a feed slot 17; 
41 ;82:92;104 arranged at a first side of said closed slot 
14;71;81;91. extending from said closed slot and out- 



wards. A feeding means 2 is arranged to be connected 
to said feeding point 19 provided on said outer electri- 
cally conductive region 1 2 on a first side 1 5;1 6;73 of said 
feed slot 17;41:82;92;104, and a grounding means 3 is 
arranged to be connected to said ground point 18 pro- 
vided on said outer electrically conductive region 12 on 
a second side, opposite to said first side, of said feed 
slot 1 7;41 ;82;92;1 04. The present invention also relates 
to an antenna assembly 110.120,130. 
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Description 
Technical field 

[0001] Tlie present invention relates to an antenna 
device according to the preamble of claim 1. The 
present invention also relates to an antenna assembly 
comprising at least one antenna device and another an- 
tenna device according to the preamble of claim 23. 

Background art 



Summary of the invention 



10 



[0002] The most common used antenna type for GPS 
applications is a microstrip antenna, a so called patch 
antenna. The main disadvantage with the microstrip an- is 
tennas is relatively high manufacturing costs. Another 
disadvantage is that microstrip antennas have a high 
builtHn height, due to the fact that they require an earth 
plane and an intermediate dielectric material. 
[0003] Other types of antennas having circular polar- 20 
isation characteristics, which are cheaper to produce, 
are some types of helix-antennas or double-loop anten- 
nas. The drawbacl^ with this type of antenna is that they 
cannot be compared to the patch antenna in terms of 
narrow bandwidth and antenna gain. Narrow bandwidth 25 
is a crucial requirement for a GPS antenna in order to 
reduce noise and interference e.g. from a cellular phone 
antenna near by. 



30 



[0004] The present invention seeks to provide an an- 
tenna device, especially for GPS applications, which is 
cheap to manufacture and has a narrow bandwidth com- 
pared to prior art antennas. 35 
[0005] According to an aspect of the present inven- 
tion, there is provided an antenna device as spedfied in 
claim 1. 

[0006] The invention is also directed to an antenna as- 
sembly combining the antenna device with another an- 40 
tenna as specified in claim 23. 

[0007] An advantage with the present invention is that 
the antenna device is cheap to manufacture. 
[0008] Another advantage with the present invention 
is that the antenna device has a narrow bandwidth, suit- 4S 
able for GPS applications. 

[0009] Still another advantage is that the present in- 
vention has a low builtnn height compared to prior art 

antennas. 

[0010] An advantage with an embodiment of the so 
present invention having a reflector is that the antenna 
gain of the antenna device can be increased compared 
to an antenna device without a reflector. 
[0011] An advantage with the antenna assembly is 
that the antenna device according to the present inven- 55 
tion may easily be integrated with another antenna de- 
vice, not affecting the height of the antenna assembly. 



Brief description of the drawings 

[0012] Fig. 1 shows a top view of a first embodiment 
of the present invention without a reflector. 
[0013] Fig. 2 shows a perspective view of a second 
embodiment of the present invention having a reflector. 
[0014] Fig. 3 shows a perspective view of a third em- 
bodiment of the present invention having an alternative 
reflector structure. 

[0015] Fig. 4 shows an alternative placement of the 
feed slot of the embodiment in figure 1 . 
[0016] Fig. 5a and 5b shows a top view and a rear 
view of a- fourth embodiment of the present invention 
having an integrated amplifier. 

[001 7] Fig. 6 shows cross section of a flexible embod- 
iment of the present invention mounted in a hand held 
communication device. 

[001 8] Fig. 7a and 7b shows two embodiments pf an 
antenna device according to the invention having a 
closed slot with a meandering path. 
[0019] Fig. 8 shows an antenna device according to 
the invention having a slot with a first alternative shape. 
[0020] Fig. 9 shows an antenna device according to 
the invention having a slot with a second altemative 
shape. 

[0021] Fig. 10a and 10b shows an altemative way of 
implementing an antenna device similar to the embodi- 
ment in figure 1. 

[0022] Fig. 11 shows an antenna assembly having a 
combination of a PIFA antenna for GSM and a GPS an- 
tenna. 

[0023] Fig. 12 shows an antenna assembly having a 
combination of a patch antenna for GSM and a GPS an- 
tenna. 

[0024] Fig. 13 shows an antenna assembly having a 
combination of an extended loop antenna for GSM and 
a GPS antenna. 

Detailed description the preferred embodiments 

[0025] Figure 1 shows a top view of a first embodi- 
ment of an antenna device 10 according to the present 
invention. The antenna device 10 comprises a dielectric 
substrate 11. preferably a P.CB (Printed Circuit Board). 
The dielectric substrate may be made out of a flexible 
material, as described in connection with figure 6. The 
upper surface of the substrate is provided with an elec- 
trically conductive layer, preferably a metal coating. 
[0026] The conductive layer is divided into an outer 
region 12 and an inner region 13. where the inner and 
outer regions are conductively separated from each oth- 
er by a slot 14 having a closed path. The slot has, in this 
example, an essentially rectangular path in the conduc- 
tive layer, and a first side 1 5 having a length L which is 
greater than a length d of a second side 1 6, where said 
second side 1 6 is perpendicular to said first side 1 5. The 
length L is approximately one half of the wavelength of 
the desired frequency to be received or transmitted by 
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the antenna. The length d is preferably much snnaller 
than L. The length d of the second side have to be great- 
er than two times the width of the slot w. If d<2w, there 
will be no inner electrically conductive region 1 3 and the 
antenna device will not function in a desired way. The 5 
width w of the closed slot is preferably in the range of a 
couple of mm. 

[0027] A feed slot 1 7 is arranged preferably at the cen- 
tre of the first side 15, where said feed slot 17 extends 
from the closed slot 14 and, in this example, essentially io 
perpendicularly outwards into the outer region 12. The 
length of the feed slot may be used for fine tuning the 
antenna frequency and the width of the feed slot is ap- 
proximately the same as the width w of the rectangular 
slot 15. 15 
[0028] Feeding means and grounding means in the 
form of a coaxial cable 1 is provided to be connected to 
the antenna device 10. The signal line 2 of the coaxial 
cable 1 , being the feeding means, is in this example con- 
nected to a feed point 19 on the outer region 12 of the 20 
conductive layer close to. and on one side of, the feed 
slot 17. The shield 3 of the coaxial cable 1, being the 
grounding means, is in this example connected to a 
ground point 18 on the outer region 12 close to, and on 
an opposite side compared to the feed point 19, of the 25 
feed slot 17. Other ways of connecting the feeding and 
grounding means will be disclosed in the further embod- 
iments. 

[0029] Fig. 2 shows a perspective view of a second 
embodiment of an antenna device 20. The antenna de- 30 
vice 20 comprises a dielectric substrate 11 carrying an 
electrically conductive layer, said conductive layer is 
separated into an outer 12 and an inner 13 region by a 
closed slot 14, which is provided with a feed slot 1 7, as 
described in figure 1. The antenna device 20 further 35 
comprises a reflector 21. which is a metal sheet ar- 
ranged at a distance D from the dielectric substrate 11. 
The space 22 between the substrate 1 1 and the reflector 
may be filled with a dielectric material. The length L of 
the closed slot 14 may have to be adjusted to compen- 
sate for influence of the dielectric material, 
[0030] By adding a reflector to the antenna structure 
described in figure 1, the antenna gain may be in- 
creased. In this example the space 22 is filled with a 
solid dielectric material as a part of the antenna struc- ^5 
ture. By using a dielectric material with a higher epsilon 
the distance D may be decreased, which in turn means 
that the antenna device is less space consuming. 
[0031] The coaxial cable 1 is connected to the anten- 
na device 20 at the side of the substrate 1 1 . The shield so 
3 is connected to the outer region 12 of the conductive 
layer, either direct or indirect through a connector (not 
shown). The signal line 2 is connected to a contact point 
23, via a waveguide 24, on a reverse side of the sub- 
strate 11, opposite to the side carrying the conductive 55 
layer. The contact point 23 is electrically coupled to a 
feed point 19 on the outer region 12 of the conductive 
layer This coupling 25 may be performed by e.g. a via 



hole or a pin through the substrate 11 . 
[0032] The signal line 2 is in this example connected 
to a contact point 23 by a microstrip line 24 as 
waveguide, marked with dashed lines, between the 
edge of the substrate 1 1 and the contact point 23. This 
simplifies the manufacturing process considerably, es- 
pecially when using a solid dielectric material in the 
space 22. The signal line 2 may be directly connected 
to the waveguide or indirect through a connector (not 
shown). 

[0033] Figure 3 shows a third embodiment of an an- 
tenna device 30 comprising an altemative way of Imple- 
menting a reflector 31 to an antenna device 10 as de- 
scribed in connection with figure 1 . 
[0034] The reflector 31 Is a part of a shielding box 32. 
The shielding box 32 comprises two side walls 33, hav- 
ing preferably the same height h. The height of the side 
walls may differ in some application to e.g. obtain a tilted 
angle to the reflector 31 . The side walls 33 are connect- 
ed to the reflector 31 4n a preferably perpendicular fash- 
ion on two opposite sides of the reflector 31, thereby 
forming a U-shaped shielding box 32. The side walls 33 
are preferably an integrated part of the reflector and is 
made of the same material as the reflector 31. The 
shielding box 32 is preferably made out of a single metal 
sheet, which is folded in such a way to give the desired 
shape as in figure 3. 

[0035] The substrate 11 is arranged on the top of the 
side walls 33, and the outer conductive region may or 
may not be in electrical contact with the shielding box. 
This electrical contact may be performed by soldering. 
In this example the space 34 is filled with air as a die- 
lectric material. 

[0036] Figure 4 shows a top view of an antenna device 
40 having an altemative placement of the feed slot firom 
figure 1. The antenna device comprises a dielectric sub- 
strate 11 with an electrically conductive layer arranged 
on the upper surface. The conductive layer is divided 
into an outer conductive region 1 2 and an inner conduc- 
tive region 13, separated by a closed slot 14, as previ- 
ously described in figure 1 . 

[0037] The closed slot 14, having a rectangular 
shape, is provided with a short side 16, having a length 
d, and a longer side 15, having a length L. In this em- 
bodiment a feed slot 41 is provided at the short side 16. 
preferably at the centre of the side. A coaxial cable 1 , 
having a signal line 2 and a shield 3 is connected to a 
feed point 19 and a ground point 18, respectively. The 
feed point 19 being arranged on one side of the feed 
slot 41, and the ground point 18 being arranged on an 
opposite side of the feed slot 41 . The length of the feed 
slot 41 may have to be adjusted, compared to the length 
of the feed slot 17 in figure 1, for the antenna device to 
be tuned for the same frequency as the antenna device 
in figure 1. 

[0038] Figure 5a and 5b shows a top view and a rear 
view of an antenna device 50 adapted for use with GPS 
applications, where an amplifier and a filter are integrat- 
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ed. The antenna device 50 in figure 5a is similar to the 
top view shown In figure 1. The antenna device 50 is 
provided with a dielectric substrate 11 having an elec- 
trically conductive layer, which is divided into an outer 
conductive region 12 and an inner conductive region 13 
electrically separated by a recta ngulariy shaped closed 
slot 14, which is provided with a feed slot 17 at one of 
the longer sides. A feed point 1 9 is provided on one side 
of the feed slot 17 and a ground point 18 is provided on 
an opposite side of said feed slot 17 compared to said 
feed point 1 9. A grounding means is connected to a con- 
nection point 51 at the edga of the outer region 12. 
[0039] Figure 5b shows the reverse side of the dielec- 
tric substrate 11 of the antenna device 50. A waveguide 
52 is arranged between the edge of the substrate 11 and 
an integrated circuit device and/or lumped components 
53, e.g. an amplifier, preferably a low noise amplifier 
and/or a filter. The integrated circuit device and/or 
lumped components 53 is in turn connected a feed con- 
nection point 54, via waveguide 55. It is preferred that 
the waveguide 55 from the integrated circuit device 53 
to the feed connection point 54 passes over the reverse 
side of the feed slot 17, thus enhancing the properties 
of the antenna. 

[0040] The feed connection point 54 is connected to 
the feed point 19 on the other side of the substrate 11 
by e.g. a via hole or a pin. Grounding and feeding means 
may be connected between the ground point 51 and the 
waveguide 52. respectively. 

[0041] Figure 6 shows a cross section view of a com- 
munication device 6 having an antenna device 60 ac- 
cording to the present invention. The antenna device in 
this example comprises a flexible substrate 61 , which Is 
mounted in the communication device 6 in such a way 
that it follows the shape of the cover of the communica- 
tion device 6, and a reflector 62 having side walls 63. 
The reflector 62 is mounted to the substrate in such a 
way to follow the shape of the substrate. I.e. they are 
essentially parallel to each other, thus creating a space 
64. 

[0042] The shape of the slot having a closed path may 
be altered in many ways and still keep the essential 
properties for the antenna device. In the following fig- 
ures a number of different shapes will be disclosed and 
discussed. 

[0043] Figure 7a shows an antenna device 70 having 
a slot 71. which has a closed meandering path. The 
short side 72 of the slot 71 is in this example minimised 
to decrease the space needed. The electrical length of 
the longer side 73 is approximately the same as the 
length L in figure 1. provided the antenna devices are 
tuned for the same ftaquency. By adding the meander- 
ing path to the rectangular-slot in figure 1 . the physical 
length L2 of the slot may be decreased, L2<L. thus re- 
sulting in a smaller device 70. 

[0044] Figure 7b shows another embodiment of an 
antenna device 75, which has a closed meandering 
path. In this emtxxJiment the short side 76 is minimised 
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and a feed slot 77 is provided at one of the short sides 
76. 

[0045] Figure 8 shows an antenna device 80 having 
a closed slot 81 , having a rectangular shape with round- 
5 ed off comers and a feed slot 82 provided at one side. 
This feed slot 82 does extend outwards from the closed 
slot 81 , as described previously, but at an angle of ap- 
proximately 45 degrees. 

[0046] Figure 9 shows an antenna device 90 having 
10 a closed slot 91. having an elliptic shape, which is pro- 
vided with a feed slot 92 at an arbitrary point of the 
. closed path extending outwards as described previous- 
ly- 

[0047] Figure 1 0a and 1 0b shows an alternative way 

IS of implementing the antenna device 1 00, similar to that 
of figure 1 . Figure 1 0a shows the top view of a dielectric 
substrate 101, being coated with an electrically conduc- 
tive layer 102 provided with a hole 103 in the shape of 
a rectangle and a feed slot 104. 

20 [0048] The reverse side of the substrate 1 01 is shown 
in figure 10b. being provided with a electrically conduc- 
tive layer 105 in the shape of a rectangle. The size of 
the rectangle 105 is less than the size of the correspond- 
ing hole provided on the top surface, as indicated by the 

25 dashed tines in both figure 10a and 10b. 

[0049] Fig. 11 shows an antenna assembly 110 com- 
prising a GSM PIFA-antenna 111 (Planar Inverted F-An- 
tenna) and a GPS antenna device 112 accordlng-to-the 
present invention. The PIFA-antenna is, in this example, 

30 provided with a substrate carrying a conductive coating 
113, which is connected to a feed 114 and ground line 
115 for GSM signals. The ground line 115 is connected 
to a ground plane 116. The GPS antenna 112 is ar- 
ranged in the conductive coating 1 1 3 as previously de- 

3S scribed. The GPS antenna is provided with a ground 117 
and a feeding 118 point to be connected to a GPS ap- 
plication. 

[0050] Figure 12 shows an antenna assembly 120 
comprising a GSM patqh antenna 121 and a GPS an- 

40 tenna 1 22 according to the present invention. The patch 
antenna comprises a conductive sheet 1 23 arranged on 
top of a dielectric material 124. The conductive sheet is 
provided with a feed line 1 25 for GSM signals and is also 
provided with a ground plane 126. The GPS antenna 

45 122 is arranged in the conductive coating 123 as previ- 
ousty described. The GPS antenna is provided with a 
ground 127 and a feeding 128 point to be connected to 
a GPS application. 

[0051] Figure 13 shows an antenna assembly 130 
50 comprising an extended loop antenna 1 31 , as disclosed 
in the Swedish patent application SE0000289-9, which 
is hereby incorporated as reference, and a GPS anten- 
na 1 32 according to the present invention. The extended 
loop antenna 1 31 comprises a substrate carrying a met- 
55 al coating. The metal coating is divided by a slit 1 33 de- 
fining two separate conductive areas where the GPS an- 
tenna 132 may be implemented. The extended loop an- 
tenna further comprises a folded metal piece 1 34, which 
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IS connected to the separated conductive areas. A feed- 
ing means 135 is connected to one side of the slit 134 
and a grounding means 136 is connected to the other 
side of the slit for GSM signals. The GPS antenna 1 32 
Is arranged in the conductive area as previously de- 5 
scribed. The GPS antenna is provided with a ground 1 37 
and a feeding 138 point to be connected to a GPS ap- 
plication as previously described in connection to figure 
2. 
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Claims 

1 . An antenna device comprising a dielectric substrate 
(11; 61) having at least one electrically conductive ^5 
layer, a feeding (1 9) and a grounding (18) point, and 
said antenna device is provided with a slot (14:71; 

81 ;91 ) having a closed path between an outer con- 
ductive region (12) and an inner (13) conductive re- 
gion of said at least one conductive layer, charac- 20 
terised in that 

a feed slot (17;41;82;92;104) is arranged at a 
first side of said closed slot (14;71;81;91). ex- 
tending from said closed slot and outwards » 25 
a feeding means (2) is arranged to be connect- 
ed to said feeding point (19) provided on said 
outer electrically conductive region (12) on a 
first side (15;16;73) of said feed slot (17;41 ;82; 
92;104). and 30 
a grounding means (3) is arranged to be con- 
nected to said ground point (18) provided on 
said outer electrically conductive region (1 2) on 
a second side, opposite to said first side, of said 
feed slot (17;41;82;92;104). 35 

2. The antenna device according to claim 1 , wherein 
said feed slot (17;41;82;92;104) is arranged essen- 
tially at the centre of said first side (1 5; 1 6;73) of the 
closed slot (14; 71; 81; 91). 40 

3. The antenna device according to claim 1 or 2, 
wherein said first side (1 5;73) of the closed slot (14; 
71;81;91) is longer than a second side (16;72) of 
the closed slot, said second side (16;72) being es- 45 
sentialiy perpendicular to said first side (15;72). 



wherein said feeding means (2) Is connected to said 
conductive path (25) via a waveguide (24). 

7. The antenna device according to any of claims 4-6, 
wherein said substrate (11;61)) is provided with an 
integrated circuit and/or lumped components (53) 
on the second side of said substrate (11;61). 

8. The antenna device according to daim 7, wherein 
said integrated circuit and/or lumped components 
(53) comprises an amplifier, preferably a low-noise 
amplifier. 

9. The antenna device according to any of the preced- 
ing claims, wherein said dielectric substrate (11) is 
aPCB. 

10. The antenna device according to any of the preced- 
ing claims, wherein said antenna device is adapted 
for reception of G PS-signals. 

1 1 . The antenna device according to any of the preced- 
ing claims, wherein said closed slot (71 ) is provided 
with at least a portion having a meandering path. 

12. The antenna device according to any of the preced- 
ing claims, wherein said antenna device is further 
provided with a reflector (21;31;62) made out of a 
conductive material arranged so as to create a 
space (22;34;64) between said substrate (11;61) 
and said reflector (21 ;31 ;62). 

13. The antenna means according to claim 12. wherein 
said space (22) is filled with a dielectric material. 

14. The antenna device according to claim 12 or 13, 
wherein said reflector (21 ;31 ;62) is provided essen- 
tially parallel to said substrate (11;61). 

15. The antenna device according to any of claims 
12-14, wherein said reflector (31;62) is provided 
with at least two side walls (33;63), said side walls 
being essentially perpendiculariy arranged relative 
to said reflector (31;62) and defining a distance (h) 
between said substrate (11;61) and said reflector 
(31;62). 



4. The antenna device according to any of claims 1 -3, 
wherein said feed point (19) is provided on a first 
side of the substrate (11;61) and said feeding 
means (2) is coupled to said feed point (1 9) from a 
second side of said substrate (1 1 ;61 ) via a conduc- 
tive path (25) through the substrate (11;61). 

5. The antenna device according to claim 4, wherein 
said conductive path (25) is a via hole. 

6. The antenna device according to claim 4 or 5, 



16. The antenna device according to claim 15, wherein 
said side walls (33;63) are electrically connected to 

50 said reflector (31 ;62). 

17. The antenna device according to claim 16, wherein 
said outer conductive region (1 2) is electrically con- 
nected to at least one of said side walls (33). 

55 

18. The antenna device according to claim 17, wherein 
said outer conductive region (1 2) is electrically con- 
nected to said at least one side walls (33) by sol- 
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dering. 

19. The antenna device according to any of claims 
14-18. wherein said reflector (31 ;63) and side walls 
(33;63) are made from the same piece of material. 5 

20. The antenna device according to any of claims 
12-19. wherein said reflector (21;31;62) is a metal 
sheet. 

10 

21 . The antenna device according to any of the preced- 
ing claims, wherein said closed slot (14;71;81;91) 
has an essentially rectangular path. 

22. The antenna device according to any of the preced- ^5 
ing claims, wherein said outer region (12) has a 
feeding portion connectable to a second feed 
means for operation as a radiating element operat- 
ing in at least one further frequency band. 

20 

23. An antenna assembly comprising a first antenna 
device (111;121;131) having a conductive layer 
(11 3; 123), characterised in that said first antenna 
device is provided with a second antenna device 
(112;122;132) according to any of claims 1-22. ar- 25 
ranged in said conductive layer (113;123). 
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